Introduction
In the discussion about avoiding unnecessary efforts and expenditures following major trauma, for example, with regard to triage in the field 1, 2 or specific rehabilitation efforts, the argument of a limited outcome in the elderly is often heard. However, most studies cited only reports on parameters of short-term outcome, such as morbidity and mortality. 3 In contrast, specific challenges of any treatment in older age, such as increasing frailty and loss of independence, become more and more evident in the literature. [4] [5] [6] In addition, with regard to longer-term aspects, patient-centered, health-related outcomes are increasingly recognized as an important benchmark. 7, 8 As no formally agreed definition of quality of life (QoL) exists, 9 various measures used in the context of QoL, health status, functional status, or health-related quality of life (HRQoL) may and may result in seemingly inconsistent findings in the literature.
Only a few studies report on the differences in the longer-term outcomes of the elderly vs younger survivors of major trauma, presenting conflicting results ranging from decreasing longer-term outcomes with increasing age or in the elderly to no association of outcome scoring with age. [12] [13] [14] [15] [16] In addition, the definition of elderly in the literature varies widely, most of them using an age of at least 55 or 65 years as the cutoff. 3, 17 Against this background, we were interested in the longer-term outcomes of adult patients following treatment for major trauma in a Swiss trauma center, asking the specific question of to what extent HRQoL and functional outcome as measured on validated scores as well as working capacity are actually associated with age. To focus on the hypothesis that longer-term outcome is reduced in elderly patients we particularly investigated different aspects of outcome across different age groups. Multiple well-accepted and newly developed measures of outcome were used simultaneously in this investigation to look specifically at the broad spectrum of longer-term outcome and, more generally, to evaluate comparatively the possibly divergent findings between individual instruments.
Materials and methods
The survey was conducted at a Swiss trauma center with a catchment population of about 750,000 inhabitants. Within this prospective quality controlled study (NCT02165137), approved by the regional ethics committee (Cantonal Ethical Commission Aargau), all consecutive major trauma patients (New Injury Severity Score [NISS] 18 $8) who arrived and were treated at the emergency department from January 1, 2010 to December 31, 2015 within 24 hours of the accident were recruited for longer-term follow-up. Hospital procedural guidelines followed international standards. 19, 20 The investigation included all survivors of trauma aged .15 years at the time of the accident who had participated in at least one of the two follow-up time points after injury. All participants provided written informed consent. Exclusion criteria for this survey were patients under the age of 16, those with an NISS ,8, deceased, or those presenting with a Glasgow Outcome Scale (GOS) 21 value of 2 (persistent vegetative state) at follow-up. For the analysis of working capacity, only patients aged under 64 at the time of the accident were included. Figure 1 demonstrates the follow-up flow chart of the investigation.
Data management
Data management was executed by specifically trained study nurses who were not involved in the treatment ; http://www.traumaregister-dgu.de), with maximum information at the end of hospitalization and with special combinations for subgroup analysis such as the total NISS value minus the AIS head for the trauma severity of single patients without traumatic brain injury; and expected riskadjusted mortality measured with the Revised Injury Severity Classification 2 (RISC 2). 27 Treatment-related variables included need for emergency intubation (yes/no), emergency operation (within 4 hours after hospital admittance following the TraumaRegister DGU ® criteria, yes/no), admittance to the intensive care unit (ICU, yes/no) and length of ICU stay, length of hospital stay, and transfer to a rehabilitation clinic following initial hospital stay (yes/no).
The survival status of nonrespondents at the time of follow-up was obtained by contacting next of kin, family practitioners, and local registry offices. Patient longer-term outcomes were assessed 1 and 2 years following trauma by a postal survey, complemented by phone interviews for missing or dubious answers undertaken by study nurses not involved in the initial treatment of patients. If patients answered at both follow-up time points, the 1-year information was used for this evaluation. Standardized self-report questionnaires comprised a combination of validated QoL and functional scoring instruments with respect to outcome measurements. The follow-up questionnaires included the following standard instruments: GOS, 21 Euro Quality of Life (EuroQoL) Group (http:// www.euroqol.org) HRQoL on five dimensions (EQ-5D), 28 medical outcomes study Short Form-36 (SF-36, single dimensions and physical component [PCS] and mental component [MCS]), 29 the Trauma Outcome Profile (TOP, single dimensions and physical and mental component), 11, 30 and the Quality of Life after Brain Injury (QOLIBRI). 31, 32 In addition, patients were asked about several socioeconomic factors such as working capacity before injury and at the time of follow-up, educational level (1, only compulsory education; 2, professional qualification; 3, university degree), and living status (living in a partnership yes/no). Official working capacity (0%-100%, as referred to a responsible doctor or insurance company) was given only for employed patients under the age of 64 years on the day of accident. 
Results
In all, 718 survivors of major trauma participated in this longer-term survey. In 556 cases the 1-year and in 162 cases the 2-year follow-up questionnaire information were used for analysis (see follow-up chart, Figure 1 ). With regard to sociodemographics, trauma and treatment characteristics respondents did not differ from nonrespondents in major criteria such as mean age, gender, and overall trauma severity. On the other hand, respondents were more often Swiss, sustained high-energy trauma, and on average presented with less severe head and neck trauma (Table 1) . Table 2 depicts the longer-term outcomes of major trauma patients as measured in single scores. The mean working capacity of employed patients under the age of 64 years (n=383) was 96.2%±15.9% before injury and 76.3%±35.8% at longerterm follow-up ( p,0.001). Table 3 gives univariate correlations of patient, trauma, and treatment characteristics with investigated outcome scores. Only low associations were found, highest for the trauma severity of injuries of the extremities with the bodily function in the SF-36 (r=-0. To further examine the possible impact of age on the longer-term outcome following major trauma, patients were stratified in single decennia groups. Figure 2 illustrates the poorer outcome of octogenarians and older patients vs all other age groups under investigation. Compared to younger people, outcome in those aged $80 years was significantly worse ( p,0.001) in all overall (GOS, EuroQoL, QOLIBRI) and in physical component scores (SF-36, TOP), but not in mental components or social dimensions of scores (Table 2) . For example, on the PCS patients aged $80 years rated only 61% of function compared to younger patients. When 70-to 79-year-old patients were compared with the younger ones, no statistically significant difference was found (data not shown). Table 4 reveals the sociodemographics, trauma, and treatment characteristics of patients aged $80 years vs younger patients. The group of at least octogenarians did not differ from younger patients in major criteria such as injury severity (both, overall and in single body regions), rate of admissions from another hospital, or length of hospital stay. Significant differences between groups were found for all age-dependent scores. In addition, the group of at least octogenarians included a higher percentage of Swiss and female patients, lower educational level, a lower percentage of high-energy trauma cases, a lower mean initial GCS following injury, and a higher percentage of patients transferred to a rehabilitation clinic following initial hospital stay.
When univariate data for age with longer-term outcome scores were compared across the group of all patients and only those under the age of 80 years (first vs second column in Table 3 ), maximum low correlations in both groups for all overall and physical component scores were found to be even lower in patients ,80 years of age.
Multivariate analysis (Table 5) No or lower associations with longer-term outcome were revealed for age than for injury severity and education level, at best in the PCS (R 2 change =0.06). In patients aged ,80 years, a significant association of age was only found in the EuroQoL (R 2 change =0.01) and the PCS (R 2 change =0.03), but not for any of the other outcome scores investigated.
Discussion
To the best of our knowledge, this prospective study is the first to evaluate in a comparative manner several health-related and functional outcome scores as well as working capacity of adult patients 1 or 2 years following injury. A definitive impact of age on the longer-term outcome of survivors of major trauma was only found in at least octogenarians. For example, patients aged $80 years in the PCS rated ,2/3 of the function compared to younger patients. In contrast, multivariate analysis of patients ,80 years revealed no significant association of age with longer-term outcome as longer-term quality of life following major trauma measured on the GOS, the TOP, the QOLIBRI, or the MCS. The associations with age found in patients ,80 years on the EuroQoL and the PCS were small and even lower than the already low associations of longer-term outcome found with injury severity or education level. Holbrook et al were one of the first authors to describe a reduced outcome with increasing age 12 and 18 months after major trauma (mean ISS 18), using the quality of well-being scale only. 12 Other authors reported on at least partly lower outcomes, mostly with regard to physical dimensions, for example, after the age of 55 years at mean 2.8 years following severe trauma (ISS .15) on the World Health Organization Quality of Life assessment instrument-BREF 13 or even in the age category of 31-55 years compared to younger people following major trauma (mean ISS 14) in several dimensions of the SF-36.
14 A recent study by Gunning et al on the longterm outcome of a trauma level I center cohort (mean ISS 13) 5-10 years after injury, using the SF-36 and the EQ-5D, found in comparison to two younger age groups a lower HRQoL according to physical function in the group of eldest patients (.70 years). 8 A retrospective long-term follow-up in 147 patients at a mean of 6 years after polytrauma (mean ISS 28) reported a univariate correlation of age with the EuroQoL, both the PCS and the MCS, and the mental but not the physical 
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longer-term quality of life following major trauma component of the TOP. 33 The only other study analyzing a possible correlation of age with the longer-term outcome (at mean 2.7 years) as measured in the TOP for polytrauma patients (mean ISS 27) found a maximum marginal effect in single dimensions, largest for social interaction (Pearson r=0. 25) . 11 In a longer-term outcome study on 355 patients 1-5 years following severe trauma (mean ISS 24) and using the SF-36 only, Harris et al 34 reported a correlation with the PCS and a trend for the MCS in univariate analysis, but in the subsequent multivariate analysis the PCS was no longer significant and a lower MCS was associated with decreasing age. In a longitudinal 2-year follow-up study of severe trauma (ISS .15) in adult patients up to the age of 67 years, using the SF-36, the World Health Organization Disability Schedule II, and cognitive function questions, Soberg et al 16 found that age was not a significant predictor of outcome in multivariate analysis. Kiely et al came to the same conclusion following a multivariate analysis in a longitudinal study up to 6 months following major trauma (ISS .8) using the SF-36. 15 With regard to return to work, a longitudinal study on the 2-year follow-up of 97 trauma patients (NISS .15; 18-67 years old) revealed no correlation with age in a univariate analysis. 35 In addition, in 115 adult polytrauma patients (mean ISS 27, median 2.5 years after injury), no association of age with working capacity was found in a multivariate analysis. 36 Comparing younger major trauma (ISS .15) patients aged 20-30 years with those aged $60 years, no differences with regard to the 2-year outcome as measured with the GOS were found in a study in the Netherlands. 37 A Canadian trauma center phone survey compared the outcome of the injured (mean ISS 21) aged $65 years with age-adjusted norm values in the SF-36 and revealed significantly lower values of the injured in seven of eight domains at a mean of 2.8 years following trauma. No difference was observed between the elderly injured and non-injured of comparable age with regard to their level of bodily pain or daily activities. 38 A German national health survey in persons between 18 and 80 years demonstrated a decrease with increasing age in a person's self-assessment of physical activity, but not in social or psychological dimensions of the SF-36. 39 With regard to the EuroQoL, Szende and Williams reported a continuous decrease in the mean EuroQoL visual analog scale (EQ-VAS) with increasing age for single decennia from 18 years up to 80+ years. 28 The rate of self-reported problems on the five dimensions of EQ-5D was shown to be highly variable between countries with the resulting mean EQ-VAS values varying between 67 and 83 (scale 0-100). As such, any comparison of bare values in the literature has to be undertaken very carefully, given the presumably crosscultural impact of differences observed. To our knowledge, for the TOP and the QOLIBRI no detailed normative data with regard to differences between age groups are currently available.
At present, these conflicting results appear difficult to explain. But as discussed, most of the studies reporting on an important (negative) correlation of age with longer-term None of the evaluations additionally using multivariate analysis found such an association or at maximum only a discrete effect. Our prospective investigation, the first evaluating this topic in a meticulous manner by using a well-defined study cohort of trauma patients and comparing various measures of longer-term outcome, even within separated decennia and including multivariate analysis, may describe the missing cornerstone in the context: the group of "at least octogenarians" apparently explain what was earlier interpreted as a general effect of age on outcome.
limitations
Until confirmed in further studies the presented results are restricted to the limited number of patients in this monocenter cohort and the definition of major trauma used. Given the comparable outcomes for patients at 1-and 2-year follow-ups found in earlier evaluations of our own data and the literature, 16 longer-term outcome was defined for this investigation as at least a 1-year outcome. Even though differences in the characteristics of age groups analyzed in more detail were only minor and multivariate analysis was used to exclude possible interactions, all conclusions are confined to the variables tested. Although this investigation included various measures of outcome, given the objective to compare QoL across all adult age groups, scores specifically developed for the elderly 5, 40 were not implemented. The complexity of the questionnaire used was already on the upper reasonable limit. Similarly, specific subtopics regarding the interpretation of QoL depending on the perspectives of differing age groups or the particularly inclusion of frailty 5, 6, 41 in the context of major trauma await further clarification in subsequent studies. In the literature, the definition of the elderly varies widely, partly starting at an age of 55 17 or at least 65 years. 3 By evaluating single decennia in addition to unstratified analysis we were able to substantiate the group of at least octogenarians in this context. From a statistical point of view, the way to handle single missing data can be discussed. The imputation method, that is, replacing missing values by the mean of the sample, as used in this investigation for multivariate regression analysis is standardly used in the literature instead of listwise exclusion of whole cases, 42 thereby accepting the corresponding risk of inaccuracy of data 43 as a minor risk. In this investigation, the maximum number of missing values was 28 (,4%) for the SF-36. As with many outcome studies in trauma, our response rate of 44% is low, though within the range of the literature, 7, 15, 16, 33, 44 especially if seen in the light of the fact that respondents for this investigation had to answer an extensive postal questionnaire in contrast to studies using only one or two outcome measures or telephone interviews. It is well known that response rates tend to decrease with the extent of questionnaires and with the time after injury. 12 For example, phone interviews may result in higher response rates, especially if few questions and short scores are used, but this procedure has its own limitations and other selection biases. [45] [46] [47] As was pointed out by Zelle et al, 48 we clearly stated the loss of follow-up and did not artificially exclude several subgroups of 
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longer-term quality of life following major trauma patients whose responses were difficult to obtain. In addition, respondents did not differ from nonrespondents in major criteria such as mean age, gender, or overall trauma severity.
Conclusion
This pilot study for the first time demonstrated that, if at all, the small impact of age on the longer-term outcomes of major trauma patients overall appears only to be relevant "after fourscore," that is, in at least octogenarians. If affirmed by other study groups, this finding has to be taken into account for all resuscitation efforts as well as rehabilitation strategies. It is proposed that more work should be done to develop accordant clinical pathways and guidelines.
Acknowledgments
This study was financially supported by the Research Fund of the hospital. The authors are grateful for the commitment of L Meier, F Maeder, and M Keller in collecting original 
